A recent study has suggested a possible association of a polymorphism near the dopamine D5 receptor gene (DRD5) and attention-deficit hyperactivity disorder.
The dopamine receptor D5, located on chromosome 4p15.1-p15.3, 3 is a member of the guanine nucleotidebinding (G-protein) receptors family and is close in structure to the D1 receptor. 4, 5 Both the D1 and D5 receptors stimulate adenyl cyclase activity via G-protein coupling however the D5 receptors have a 10-fold higher affinity for dopamine than do the D1 receptors. 4, 5 An association with an allele at the dopamine D5 receptor locus (DRD5) and ADHD has been reported using a sample of 91 nuclear families (69 trios and 22 parent-proband pairs) using the haplotype relative risk analysis and the transmission disequilibrium test. 1 Preferential transmission was reported for the 148-bp allele of the (CA) n repeat polymorphism located in the region of the gene and within the same cosmid. 2 This allele was reported to be transmitted 90 times compared to 54 times that it was not transmitted (P value Ͻ0.01).
In this study, we tested this same polymorphism. We genotyped 92 families, 80 consisting of a proband and both parental DNAs genotyped and 12 families with a proband with DNA available and genotyped for a single parent. There were 24 affected siblings genotyped in the sample for a total of 116 ADHD children.
We calculated the allele frequencies using the parental chromosomes in our sample ( Table 1 ). The allele frequencies were similar to published reports for Caucasian populations. 2, 6 We used the transmission disequilibrium test (TDT) to determine if biased transmission occurred for the alleles at this polymorphism (Table 2) . Using the allele-wise test (compares the number of transmissions of a particular allele vs any other allele compared to the number of times that the allele is not transmitted), we did not observe significant evidence for the biased transmission of the 148-bp allele as previously reported, however, there was a trend for the transmission of this allele to the ADHD children. The 148-bp allele was transmitted 48 times compared to 38 times that it was not transmitted (TDT 2 = 1.163, P = 0.281). We observed significant evidence for biased transmission of two alleles, the 136-bp allele and the 146-bp allele. For the 136-bp allele there were only 11 informative transmissions, of these the 136-bp allele was transmitted twice compared to nine times that it was not transmitted (allele-wise TDT 2 = 3.568, P = 0.059). For the 146-bp allele there were only 29 informative transmissions, eight times the 146-bp allele was transmitted compared to 21 times that it was = 5.828, P = 0.016). For both of these alleles there were not many informative transmissions therefore the significance of the results should be interpreted with extreme caution as this could easily be the result of chance. The other important observation to note is that for these two alleles, the bias was in the direction of not being transmitted to the ADHD child therefore a protective allele would need to be hypothesized. In the Daly et al 1 report the transmission of the other alleles were combined as a group so we are not able to determine if there was a similar trend for these alleles.
The extended TDT program (ETDT) 7 can be used to examine the pattern of preferential transmission of certain alleles across genotypes (allele-wise TDT) and also can consider every heterozygous parental genotype separately and examines whether each allele of the genotype is transmitted to affected offspring on 50% of occasions (genotype-wise analysis). The 2 for the allele-wise TDT was 16.659, 11 df, P = 0.119 and the 2 for the genotype-wise TDT was 53.310, 33 df, P = 0.014. This study cannot be considered a clear replication of the original finding because we did not observe biased transmissions of the 148-bp allele. One factor influencing our result may be the power of our sample. Even though there was a similar number of families in both studies, there were not as many informative transmission of the 148-bp allele in our sample. In our sample of 92 families there were only 86 informative transmissions of the 148-bp allele whereas in the study of 91 families by Daly et al 1 there were 144 informative transmissions of this allele.
The different ethnic composition of our sample compared to the previous study with a predominantly Irish composition may also have been a factor in the different results of the two studies. The majority (96%) of the families in our sample described themselves as mixed European Caucasian descent. The most common ethnic groups were English, Scottish, Irish, German, French, Italian, Polish, and Dutch. Of the families describing themselves as having an Irish ancestor, only one family described all four grandparents of the proband as Irish. Five families described themselves as being of mixed or non-Caucasian descent. The non-Caucasian ethnic groups consisted of African Canadians and Native Canadians.
Although we were not able to replicate the orginal report finding biased transmission of the 148-bp alelle in our sample, the findings of some biased transMolecular Psychiatry missions suggest that we should examine this gene in further experiments as a potential susceptibility factor in ADHD. If there is indeed an association with ADHD, then the most likely explanation is that the alleles at the (CA) n repeat are in linkage disequilibrium with the alleles of the functional DNA variant that is contributing to the phenotype. Although there is the possibility that the (CA) n repeat is located in a transcriptional regulation region, and the alleles directly affect the transcription level of the gene, we are currently working with the assumption that the functional variant has yet to be identified. We have recently begun to screen the DRD5 gene for additional DNA variants located in the coding region that may explain the reported association starting with previously identified variants. Thus far, we have tested for the DNA change A1051G, that results in a change of the highly conserved amino acid asparagine to aspartic acid at amino acid position 351. 8, 9 The asparagine residue at 351 is conserved in all dopamine receptors in all species sequenced thus far and in other G-protein coupled receptors. 8 Functional studies have shown that the substitution of aspartic acid for asparagine results in an approximately 10-fold decrease in dopamine binding affinity resulting in a dopamine affinity equivalent to the D1 receptor. 10 This amino acid change is rare and is found in less than 1% of a Caucasian population. 8 A sample of 28 ADHD subjects has been previously screened for this DNA variant and this variant was not found. 9 We screened 30 ADHD probands in our sample and did not observe this change in any of the probands therefore this variant is unlikely to be contributing to ADHD. We are now directly sequencing this gene in probands from our sample to identify other DNA variants that may be linked to ADHD.
Methods

Diagnostic criteria
The assessment and diagnostic criteria for the subjects in this study have been previously described. [11] [12] [13] [14] Briefly, subjects in this study were between 7 and 16 years of age and met DSM-IV criteria for one of the three ADHD subtypes (inattentive, hyperactive-impulsive, combined). Subjects were excluded if they had evidence of neurological or chronic medical illness, bipolar affective disorder, psychotic symptoms, Tourette syndrome, chronic multiple tics, or had a comorbid anxiety, depressive or developmental disorder that could better account for the behaviors (as specified by DSM-IV). Subjects were also excluded if they scored below 80 on both the Performance and Verbal Scales of the Wechsler Intelligence Scale for Children, 3rd edition. 15 Subjects with comorbid oppositional defiant disorder, reading disabilities, or conduct disorder were not excluded from this study.
Diagnosis was based on information obtained from a semi-structured interview of parents (Parent Interview for Child Symptoms, PICS-IV; Schachar and Ickowicz, unpublished) and teacher (Teacher Telephone Interview-IV, TTI; Tannock and Schachar, unpublished). Both interviews have established reliability and validity. 16 This information was supplemented by evidence about behavior, development and medical history derived from standardized parent and teacher questionnaires; the Conners Parent and Teacher Rating Scales -Revised 17 and the Ontario Child Health Survey Scales -Revised. 18 Academic achievement in arithmetic, reading, and spelling were measured using the Wide Range Achievement Test -III. 19 Oral and receptive language skills were tested with the Clinical Evaluation of Language Fundamentals, 3rd edition. 20 Children were assessed using self-report for anxiety (Children's Manifest Anxiety Scale) 21 and depression (Children's Depression Inventory). 22 Children were free of medication 24 h before their assessment. Of the cases that were used in this study, 57% of the children were of the combined subtype, 19% were of the hyperactive/ impulsive subtype, and 24% were of the primarily inattentive subtype.
This protocol was approved by The Hospital for Sick Children Research Ethics Board and informed written consent was obtained for all participants.
Isolation of DNA and marker typing DNA was extracted directly from blood lymphocytes using a high salt extraction method. 23 The (CA) n polymorphism located near the DRD5 gene was genotyped according to previous methods. 2 For the detection of the A1051G DNA variant, a 651-bp PCR fragment of the DRD5 gene was amplified with the following primers: DRD5-G: GCC TTG GTC ATG GTC GGC CTG GCA; DRD5-T: CCA GCA GCT GGG CAA ACA CCT TCT GA as previously described. 8 Amplification proceeded after an initial denaturation step of 4 min at 95°C followed by 35 cycles of 94°C for 30 s, 57°C for 30 s and extension at 72°C for 30 s. A final extension step was added at 72°C for 10 min. Ten l of the PCR product was digested with 8 units of the HinfI restriction enzyme (New England Biolabs, Mississauga, Ontario, Canada) per reaction at 37°C for approximately 2 h. The fragments were separated on 1.3% agarose. Allele number 1 (A, asparagine) is identified as two bands of 480 bp and 171 bp. Although we did not observe the rare allele, allele number 2 (G, aspartic acid) could be detected as three bands of 387 bp, 93 bp, and 171 bp. The non-polymorphic restriction site in the PCR fragment was used as an internal control for each sample as a guarantee that the restriction enzyme did indeed work and therefore we did not miss the rare allele.
Statistical analysis
Statistical analysis was performed using the ETDT program. 7 
